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REPULPABLE PRESSURE SENSITIVE ADHESIVE BASED ON MICROSPHERES AND ARTICLES 
MADE THEREFROM 



Technical Field 

The present invention relates to repulpable pressure sensitive adhesive, the 
5 process of making the same and in particular pressure sensitive adhesive useful for 
making repulpable articles such as office tapes, splicing tapes, labels and similar 
products. 

Background of the Invention 

Conventional pressure sensitive adhesives are typically non-compatible 
10 with the repulping process. These conventional pressure sensitive adhesives are 

generally insoluble and non-dispersible in aqueous pulp medium and, depending on 
their chemical make-up, accumulate as "stickies" in repulped paper product and/or 
white-water, degrading the quality of both. 

Although there are a number of pressure sensitive adhesives claiming to 
1 5 provide repulpability the overall compatibility with the repulping process is less 
than ideal. Furthermore, it has been a general trend that improved repulpability 
can lead to loss of adhesive performance. While some pressure sensitive adhesives 
do not adversely affect the quality of the repulped paper, they can accumulate in 
the white-water, reducing its quality and recyciability. Furthermore, commercial 
20 pressure sensitive adhesives of this kind have traditionally shown a performance 
that is not suited for applications such as an office tape, e.g., an adhesion that is 
extremely humidity dependent, loss of adhesion on aging and undesired polymer 
migration at high humidities. See, e.g. US. Patent Nos. 3,441,430; 3,661,874; 
3,865,770; 4,413,080; 4,569,960; 4,992,501; 5,196,504; 5,229,447; and 
25 5,512,612. 

Another class of adhesives that has been identified as repulpable include 
water-dispersible pressure sensitive adhesives. Examples of such adhesives 
include tacky microspheres, such as described in U.S. Patent Nos. 3,691, 140 and 
4,155,152. While such pressure sensitive adhesives, at appropriately low coating 
30 weights, may sufficiently disperse during the repulping process, the microspheres 
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can accumulate as "stickies" in recycled paper product and/or white-water, 
irreparably degrading the quality of both. 

Summary of the Invention 

The present invention provides a repulpable pressure sensitive adhesive 
5 that exhibits improved performance characteristics as compared to what is 

currently available in the art. Pressure sensitive adhesives of the present invention 
exhibit aggressive adhesion over a broad range of humidity conditions, are able to 
maintain this level of performance after prolonged aging periods and when 
laminated to paper will not stain the paper because of polymer migration. 

10 In one aspect of the present invention, a pressure sensitive adhesive is 

provided comprising a mixture of a plurality of water-insoluble, water-dispersible, 
polymeric microspheres and at least one water-soluble plastictzing agent, wherein 
the average diameter of the microspheres is below 50 micrometers. Generally, the 
polymeric microspheres are non-tacky, although tacky microspheres may also be 

15 used. 

Advantageously, the pressure sensitive adhesive of the present invention is 
uniquely compatible with the process of repulping. While a completely repulpable 
product is desired, that is an article with a repulpable backing and a repulpable 
adhesive, it can be advantageous to use the adhesive of the present invention to 
20 produce a partially repulpable article, one in which the adhesive is repulpable (or 
redispersible), while the backing remains intact sufficiently to be screened from the 
repulping process. 

Pressure sensitive adhesives of the present invention may disintegrate into 
two components affording pulp material free of undesirable stickies. During the 
25 repulping process, microsphere material, finely dispersed, remains largely in the 

paper fibers, while the remaining components are either retained in the white water 
or removed via floatation. 

Thus, this adhesive represents an excellent compatibility with the repulping 
process. There are a number of advantages provided by the present invention and 
30 include the following: (a) the pressure sensitive adhesive is permanently 

detackified; (b) white-water is free of contamination and recyclable, merely 
retaining benign plasticirrng agent that is commonly present during repulping as a 
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dispcrsing agent; and (c) the paper fibers retaining essentially non-tacky 
microspheres generally exhibit an undiminished quality. 

Description of the Preferred Embodiments) 

Repulpable pressure sensitive adhesive compositions of this invention 

5 comprise the blended mixture of: 

(a) 100 parts by dry weight of carboxylated polymeric microspheres, 
formed by suspension polymerization from monomers consisting essentially of: 

(1) about 50-90 weight percent of at least one monomeric alkyl 
(meth)acrylate of alkyl alcohol having 4-14 carbon atoms and, 
10 (2) about 50-10 weight percent of vinyl carboxylic acid, 

(b) about 5-150 parts by weight of at least one water-soluble 
plasticizing polyalkyleneoxy compound per 100 parts of carboxylated polymeric 
microspheres and, 

(c) optionally, 0.2-2.0 parts by weight of mineral acid per 100 parts of 
15 carboxylated polymeric microspheres. 

Polymeric microspheres are synthesized by aqueous suspension 
polymerization. While non-tacky polymeric microspheres are preferred, tacky 
microspheres can be used. A particularly useful process for suspension 
polymerization is described in U.S. Patent No. 4,786,696 and such description is 

20 incorporated herein by reference from monomeric alkyl (meth)acrylates and about 
10-50 weight percent of vinyl carboxylic acids that include methyl acrylate, butyl 
acrylate, isooctyl acrylate and acrylic acid and methacrylic acid, respectively. 
Lower levels of vinyl carboxylic acid tended to produce pressure sensitive 
adhesive compositions with unacceptable repulpability, while higher levels of the 

25 same tended to produce pressure sensitive adhesive compositions with excessive 
viscosity, although both lower and higher levels could be used depending upon the 
final combination of components, such that the combination provided the 
necessary repulpability and maintained a reasonable (that is, coatable) viscosity. It 
should be recognized that to achieve specific results minor amounts of monomeric 

30 modifiers may be incorporated into polymeric microspheres; for example, methyl 
methacrylate to increase the firmness and 1,6 hexanediol diacrylate to increase the 
degree of crosslinking. 
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The polymerization process utilizes at least one substantially water- 
insoluble polymerization initiator, at least one emulsifier at a concentration above 
its critical micelle concentration and, optionally, chain transfer agent. Specific 
examples of the these components include benzoyl peroxide, sodium 
5 dodecylbenzene sulfonate and carbon tetrabromide. Further, deionized water is 
utilized in an amount sufficient to provide polymer suspensions with a solids 
content in the range of IS to 60 percent. 

Prior to polymerization, the reaction mixture is emulsified to control the 
diameter of the forming polymeric microspheres, wherein the diameter is inversely 

10 related to the severity of the emulsification. The preferred diameter of polymeric 
microspheres is below SO micrometers. Larger particles can be used in the 
adhesive compositions, although significantly larger particles could result in 
reduced adhesion. The preferred polymeric product exhibits repulpability and no 
appreciable pressure sensitive adhesive tack. 

1 S Typically useful plasticizing agents include but are not limited to 

polyalkyleneoxy compounds, such as octylphenoxy poly(ethyleneoxy)ethanol with 
an average number molecular weight of 624, nonylphenoxy 
po ly(ethyleneoxy)ethanol s with an average number molecular weight of 880 and 
1 100, and polyethylene glycol) with an average number molecular weight of 

20 1000. Plasticizing agents are commercially available from Rohm & Haas (under 
the trade name of Triton X-100), Rhone-Poulenc (under the trade name of Igepal 
CO-730 and Igepal CO-850) and Aldrich Chemical Company, respectively. The 
amount of plasticizing agent employed in a particular pressure sensitive adhesive 
composition largely depends on the chemical composition of polymeric 

25 microspheres and is present in an amount sufficient to impart repulpability and a 
balanced peel adhesion/holding power performance. 

Optionally, minor amounts of mineral acids can be added to pressure 
sensitive adhesive compositions to change their tacky nature. Examples include, 
but are not limited to phosphoric acid and polyphosphoric acid. Typically, 

30 mineral acids, if present are added in amounts ranging from 0.2 to 2.0 parts by 

weight per 100 parts of microspheres. Similarly, dyes, pigments, fillers, etc. may 
be added where necessary or desirable. Typically, these additives are added in 
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aznounts ranging from 0.01 to 20.0 parts by weight, depending upon the nature of 
the additive. If additives are present, they are present in amounts that are 
consistent with what is known in the art and are not in amounts that are 
detrimental to repulpability and adhesive strength. The glass transition 
5 temperature of the resulting pressure sensitive adhesive compositions are generally 
below about -20°C. 

Tape constructions of the present invention mean any construction that 
includes a backing substrate, at least one layer of adhesive on the backing 
substrate and optionally, at least one layer of a release coating on the other surface 

10 of the backing substrate, this surface may or may not be processed to produce a 
low energy surface. Typically constructions include but are not limited to 
Scotch™ brand tape, Post-it® tape flags, labels, z-fold tape pads, tabbed tab pads, 
Pop-up™ tape, Post-it® note stacks, splicing tape, or z-fold pads. 

In addition to the uses stated above, the repulpable adhesives of the 

IS present invention may be as a tape and used for sterilization indicator tapes and 
labels, closure systems for envelopes, surgical wrappers and mammalian body 
coverings. 

The tape backing of this invention is preferably a modified caique paper. 
"Caique" is French for natural translucent and generally refers to paper fabricated 

20 from an alkaline chemical thermomechanical pulping process. 

Built into a preferred caique paper backing substrate is a release sizing 
composition that allows a matching unwind release to be formed on the back 
surface while still allowing for good unprimed adhesive anchorage to the front 
surface, although the addition of the a release sizing is not required. This 

25 preferred embodiment eliminates the need for separate low adhesive backside and 
adhesive primer coating steps, thereby eliminating solvent and energy waste during 
these additional steps. 

Typically, caique paper has a nominal caliper of 0.41-0.76 mm, preferably 
0.46 to 0.61, more preferably 0.46 and moisture content of between 6-7.5% by 

30 weight. The translucency of the finished paper is typically greater than 70%, with 
a uniform appearance without speckling. The reflectance (gloss) of the preferred 
paper is between 6-12 (dimensionless), as measured by TAPPI T4880-OM92. 
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The preferred paper has a color of L>8.5, a=-2 to -0.6, b=2 to 5, as measured by 
TAPPI T254 and a surface smoothness of between 30*60 (dimension! ess) as 
measured by TAPPI UM5 18. Such paper substrates are generally referred to as 
translucent "caique" papers. 
5 Other backing materials are also useful in the present invention, provided 

♦ 

they are repulpable or screenable in combination with the adhesive compositions 
of the present invention. Backing types and thicknesses are those that are 
typically known to those skilled in the art and include, for example bond paper, 
nonwovens, wovens, polymeric film, metallic foil, ceramic sheeting, cellulose 

10 acetate, ethyl cellulose film, polyester and polypropylene. 

Examples of useful release sizing compositions include but are not limited 
to compositions that when applied to a substrate surface provide a release layer 
from which an adhesive coating can be cleanly removed. Typically, such 
compositions provide a surface release of between 152-762 gm/cm for the 

1 5 particular repulpable adhesive used, having a high degree of affinity for the surface 
of cellulosic fibers without affecting the repulpability of the paper not unduly 
contaminating the adhesive surface upon removal. Generally a release sizing 
composition is matched to the adhesive characteristics of a particular adhesive 
composition. A particularly useful release sizing composition for the preferred 

20 embodiment is made with a polysiloxane release agent (commercially available 
from Dow Corning). The release sizing agent consists of a solution of 0.5 to 30 
parts by weight of a polysiloxane release agent (Syl-Off 1 171, a 50% solids 
aqueous emulsion), mixed with 0.01 to 6.0 parts by weight of a tin catalyst (Syl- 
Off 1 171 A, a 50% solids aqueous emulsion) (both commercially available from 

25 Dow Corning) in 64 to 98.5 parts by weight of water. The solution was applied 
onto the "modified" caique paper by means of an air knife size press coated and 
cured in line. The sized paper is then remoisturized and dried in the normal 
manner on the size press to achieve a flat, stable paper backing. 

The "caique" paper backing thus coated on one-side with a release-sizing 

30 agent was coated on the other side with an adhesive composition of the present 

invention in a coating thickness range of 0.05 to 0.64 mm, preferably from 0.08 to 
0.38 mm. The coated web was dried by passing through an oven at about 1 10°C 
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for about 1 5 seconds, or whatever time was necessary to dry the coating(s). The 
adhesive coated substrate was then wound upon itself forming a jumbo roll with 
the pressure sensitive adhesive coating on the inside of the roll. From this jumbo 
roll, using a variety of currently available processes, typical smaller rolls and tape 
5 pads were produced. 

Coating thicknesses and/or coating weights of the various components, 
such as the adhesive layer, release layer coating and release sizing composition 
layer can be varied depending on the final application or use of the tape 
construction. Such coating weights are well known and available to those skilled. 
10 Examples of particularly useful constructions include but are not limited 

to: 

(a) tape construction comprising (1) a paper backing substrate, (2) a 
pressure sensitive adhesive layer coated onto one face of the backing substrate and 
(3) a release layer composition coated onto the other face of the backing 

15 substrate; 

(b) a sheet comprising a layer of paper backing substrate, such as label 
stock having a coating of repulpable (redispersible) pressure sensitive adhesive on 
a second end portion, while being free of adhesive along a first end portion; 

(c) a pad of sheets in a stack, each of the sheets comprising a layer of 
20 paper backing substrate, having opposite major side surfaces and first and second 

opposite ends, and having a coating of a redispersible pressure sensitive adhesive 
on a second end portion of one of the side surfaces adjacent the second end while 
being free of adhesive on both of the side surfaces along a first end portion thereof 
adjacent the first side, the sheets being releasable adhered to each other by the 
25 coatings of the pressure sensitive adhesive to form a stack with adjacent ends of 
the sheet aligned and with the first and second end of the successive sheets in the 
stack being adjacent; 

(d) an adhesive coated sheet of labels, comprising (1) a paper backing 
substrate, (2) redispersible pressure sensitive adhesive layer coated onto one face 

30 of the backing substrate and (3) a release layer composition coated onto the other 
face of the backing substrate; 
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(e) an adhesive tape comprising a layer of a repulpable adhesive on at 
least a portion of a first side of a backing substrate, and a layer of a release agent 
on at least a portion of the second side of the backing substrate, the second side of 
the backing substrate being opposite the first side of the backing substrate; 
5 (£) an adhesive tape comprising a layer of a repulpable adhesive on at 

least a portion of a first side of a background substrate, and a second layer of 
repulpable adhesive on at least a portion of the second side of the backing 
substrate, the second side of the backing substrate being opposite the first side of 
the backing substrate; 

10 GO a transfer tape comprising a layer of repulpable adhesive on at least 

a portion of a first side of a release liner; and 

(h) any other combinations and variations that can be constructed 

using (1) optionally, a backing substrate, (2) a redispersible pressure sensitive 

adhesive layer coated on at least one major surface of the backing substrate, and 
IS (3) a release layer composition coated onto the other face of the backing 

substrate, when only one surface of the backing substrate is coated with an 

adhesive. 

The objects, features and advantages of the present invention are further 
illustrated by the following examples, but the particular materials and amounts 
20 thereof recited in these examples, as well as other conditions and details, should 
not be construed to unduly limit this invention. 

Examples 

In the examples, all parts, ratios, and percents are by weight unless 
specifically indicated otherwise. All materials are commercially available or 
25 known in the art, unless otherwise stated or apparent. Specifically, the acrylic 

monomers are available from Scientific Polymer Products, Inc. All examples were 
prepared in ambient atmosphere (in the presence of usual amounts for oxygen and 
water vapor) unless indicated otherwise. 



30 



Test Procedures 

The following procedures were used to evaluate the characteristics of the 
repulpable pressure sensitive adhesive compositions of the present invention. 



WO 97/13819 PCT/US96/16163 

-9- 

Repulpability 

Repulpabiiity was tested according to TAPPI Test UM-213 ( described in 
"TAPPI Useful Methods, 1991", TAPPI Press, 1990) modified as follows. Two 
strips of tape, 1 inch by 4 inches and prepared by coating repulpable pressure 
5 sensitive adhesive of the present invention onto Caique paper were adhered to the 
opposite sides of a strip of blotter paper, 1 inch by 4 inches. This laminated 
sample was cut into 0.5 inch squares. Blotter paper, also cut into 0.5 inch 
squares, was added to the cut laminated sample to bring the total weight of tape 
and paper to 15 grams. The squares of paper were placed in a Waring blender 

10 with 500 ml of water at a temperature of 32°C. The contents were then blended 
at about 1 5,000 revolutions per minute (rpm) for three 20 second periods to form 
a pulp. Handsheets were prepared from the pulp and dried. After drying, the 
handsheets were visually examined for particles of unrepulped tape. Then the 
handsheets were stained with Morplas Blue 1003, also known as Solvent Blue #36 

1 5 dye (commercially available from Morton International) and visually reexamined 
for particles of unrepulped tape. 

Peel Adhesion 

Peel adhesion was evaluated according to a test that is a modification of 
Test No. FSTC-1, wherein the angle of peel was 90° instead of the described 180° 

20 angle of peel. Test No. PSTC-1 is described in "Test Methods for Pressure 
Sensitive Adhesive Tapes," 7th Edition, Pressure Sensitive Adhesive Tape 
Council. A strip of a sample coated with a repulpable pressure sensitive adhesive 
of the present invention was adhered to a steel panel. The force required to 
remove the strip at an angle of 90° and at a rate of 12 inches per minute was 

25 recorded in Newtons per decimeter. 

Holding Power 

Holding power was evaluated according to a test that is a modification of 
Test No. PSTC-7, wherein the temperature of application was 23°C instead of the 
described temperature of 49°C. Test No. PSTC-7 is described in "Test Methods 
30 for Pressure Sensitive Tapes," 7th Edition, Pressure Sensitive Tape Council. A 
strip of a sample coated with the repulpable pressure sensitive adhesive was 
adhered to a steel panel, to cover an area of 0.50 by 0.50 inches. The time elapsed 
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for the coated sample to separate at a temperature of 23°C and under a load of 
1000 grams was recorded. 

Ease of Adhesive Removal with Water 

The difficulty of adhesive removal was evaluated by washing with plain 

5 water (23°C, pH 8.5 and a hardness of 5 grains) a 1 55 cm 2 (1/2") square of tape 

applied to various surfaces and aged for 24 hours. The various surfaces included: 

glass (Essential Supply Stock Catalog); 

plastic (ABS Acxylonitrile butadiene styrene - Sterling Plastics Inc.); 
lacquer wood (#777 Test Oak Panels - Pikus Enterprises, Coon Rapids, 

10 MN); 

painted steel (SteelCase Paint Samples Tan Value 1 - General Office 
Products, Minneapolis, MN); and 

painted wallboard (EZ-1 White Latex Flat Enamel • General Paint & 
Chemical Co., Chicago IL). 

15 The ease of removal was judged by how many wipes with a wet cloth it 

took to completely remove the tape sample from a surface, after immersion in 
water for 1 minute. 

If removal took less than 5 wipes it was considered very easy, less than 10 
wipes it was considered easy, if less than 15 it was considered good, if less than 20 

20 it was considered fair, if less than 30 it was considered hard and more than 40 

wipes it was considered difficult. If removal with plain water was found to be less 
than easy the test is repeated with soapy water (1 gram/1 of Dreft™ detergent). 

Ease of Removal from Fabrics 

The difficulty of tape removal was evaluated by machine washing various 

25 garments (32°C, pH 8.5 and a hardness of 5 grains) to which a 5 cm x 10 cm (2" x 

4") piece of tape has been applied and aged for 24 hours. Garments included: 

cotton sheet, black smock (65% polyester/35% cotton), white T-shirt (50% 

polyester/50% combined cotton). The garments were washed with one cap fiill 

Tide™ liquid laundry detergent. 

3 0 Ease of Removal from Dishes 

The difficulty of tape removal was evaluated by washing various dishes 

(32°C, pH 8.5 and a hardness of 5 grains) to which a 5 cm x 10 cm (2" x 4 W ) piece 
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of tape was applied and aged for 24 hours. Dishes included: ceramic plate, china 
cup, plastic plate, Tupperware™ container, Silverstone™ pan. The dishes were 
washed with Dial™ dishwashing Liquid (10 gallons of hot water with 10 milliliters 
of soap). 

5 Examples 1-33 

Example 1 

This example illustrates the synthesis of carboxylated polymeric 
microspheres from isooctyl aery late and acrylic acid. 

A 5 liter resin reactor was charged with a solution of 0.50 gram of carbon 

10 tetrabromide and 4.5 grams of 70% solids benzoyl peroxide (both commercially 
available from Aldrich Chemical Company) in 1275 grams of isooctyl acrylate, 
225 grams of acrylic acid and a solution of 14.0 grams of sodium dodecyl-benzene 
sulfonate (commercially available from Alcolac, Inc. under the trade name of 
Siponate DS-10) in 1550 grams of deionized water The contents were emulsified 

1 5 for seven minutes using a high-shear, 3-bladed stirrer rotating at 4000 rpm. A 
reactor was then equipped with a thermometer, a reflux condenser, a three- 
pronged stirrer and a gas inlet tube. Agitation was set to 400 rpm and the reaction 
mixture was purged with nitrogen. The stirring and the nitrogen purge were 
maintained throughout the reaction period. 

20 The contents were heated to 67°C and an exothermic reaction took place 

that was cooled with a water bath. After the reaction had subsided, the contents 
were heated to 80°C for 30 minutes and finally cooled to room temperature. The 
resulting product, a suspension of polymeric microspheres, had a solids content of 
49.5%, a Brookfieid viscosity of 10,800 cps and the average diameter of the 

25 microspheres was 6 micrometers. The glass transition temperature of the polymer 
was -44°C. 

Examples 2-6 

These examples illustrate the synthesis of carboxylated polymeric 
microspheres from various monomers or various ratios of monomers. 
30 The synthesis was performed according to the following general procedure 

and the ingredients respectively used are listed in Table 1 . 
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Table 1 



FumnU 


Allrvl A. ri*vlat» 

(grams) 


vinyl Cart) oxy lie 
Acid (grams) 


_ 9 • ■ 

Deinonized 
Water (grams) 


2 


butyl acrylate (240) 


acrylic acid (60) 


557 


3 


isooctyl acrylatc (240) 


methacrylic acid (60) 


709 


4 


isooctyl acrylate (262.5) 


acrylic acid (37.5) 


557 


5 


isooctyl acrylate (180) 


acrylic acid (120) 


1211 


6 


methyl acrylate (240) 


acrylic acid (60) 


911 



A 2 liter resin reactor was charged with a solution of 0.90 gram of 70% 
solids benzoyl peroxide in 300 grams of monomers and a solution of 2.8 grams 
5 Siponate DS-10 in deionized water. The contents were emulsified for two 

minutes using an Ansoldo homogenizes The reactor was then equipped with a 
thermometer, a reflux condenser, a three-pronged stirrer and a gas inlet tube. 
Agitation was set to 500 rpm and the reaction mixture was purged with nitrogen. 
The stirring and the nitrogen purge were maintained throughout the reaction 
10 period. The contents were heated to 67°C and an exothermic reaction took place. 
After the reaction had subsided, the contents were heated to 80°C for 30 minutes 
and finally cooled to room temperature. 

The resulting products, suspensions of polymeric microspheres, were 
tested for the solids content, the Brookfield viscosity and the average diameter of 
15 the microspheres. The results are listed in Table 2. 



Table 2 



Example 






Particle Diameter 




(%) 


(cps) 


(micrometers) 


2 


32.2 


35 


5 


3 


29.9 




3 


4 


34.1 


55 


4 


5 


19.4 




5 


6 


24.2 


30 


5 



Example 7 

This example illustrates the synthesis of carboxylated polymeric 
20 microspheres with an average diameter of about 30 micrometers. 

A 2 liter resin reactor was charged with a solution of 0. 10 gram of carbon 
tetrabromide and 0.90 gram of 70% solids benzoyl peroxide in 240 grams of 
isooctyl acrylate, 60 grams of acrylic acid and a solution of 2.8 grams Siponate 
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DS-10 in 557 grams of detonized water. The reactor was then equipped with a 
thermometer, a reflux condenser, a three-pronged stirrer and a gas inlet tube. 
Agitation was set to 500 rpm and the reaction mixture was purged with nitrogen. 
The stirring and the nitrogen purge were maintained throughout the reaction 
5 period. After 30 minutes of stirring at room temperature the contents were heated 
to 67°C and an exothermic reaction took place. When the reaction had subsided, 
the contents were heated to 80°C for 30 minutes and finally cooled to room 
temperature. The resulting product, a suspension of polymeric microspheres, had 
a solids content of 34.9%, a Brookfield viscosity of 300 cps and the average 
10 diameter of the microspheres was 3 1 micrometers. 

Example 8 

This example illustrates the peel adhesion and the repulpability of 
polymeric microspheres. 

Polymeric microspheres of Examples 1-7 were coated to Caique paper by 
15 knife coating the suspensions at a dry coating weight of 0.34 gram to 0.54 gram 
per 155 cm 2 . The peel adhesion and the repulpability by the modified TAPPI Test 
UM-213 of the coated samples were tested. The results and the respective 
coating weights are listed in Table 3. 



Table 3 



Example 


Coating Weight 

(g/155cm*) 


Peel Adhesion 

(N/dm) 


Repulpability 
TAPPI Test 
UM-213 


1 


0.54 


0 


yes 


2 


0.50 


0 


marginal 


3 


0.41 


0 


no 


4 


0.49 


1.8 


marginal 


5 


0.34 


0 


yes 


6 


0.43 


0 


yes 


7 


0.44 


0.1 


yes 



20 Example 9 

This example illustrates the preparation of a pressure sensitive adhesive 

composition from the suspension of polymeric microspheres of Example 1 and 

Igepal CO-730. 
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To a 1 liter container were charged 500 grams of the suspension of 
polymeric microspheres of Example 1, 70.0 grams of Igepal CO-730 and 1.5 
grams of polyphosphoric acid. The contents were agitated with a mechanical 
stirrer for about 1 hour until homogeneity was reached. The resulting pressure 
5 sensitive adhesive composition had a solids content of 55.5% and a Brookfield 
viscosity of 64,000 cps. A sample of the composition diluted to a solids content 
of 40.8% exhibited a Brookfield viscosity of 750 cps. The polymeric mixture had 
a glass transition temperature of -37°C. 

The adhesive was also tested for washability from various surfaces. The 
10 results are summarized in Table 8. 

Examples 10-19 

These examples illustrate the preparation of pressure sensitive adhesive 
compositions from suspensions of polymeric microspheres of Examples 1-7 and 
from various plasticizing agents. 
1 5 The procedure of preparation of the pressure sensitive adhesive 

compositions was analogous to the procedure outlined in Example 9. The 
ingredients, the relative amounts of plasticizing agent per 100 parts by dry weight 
of polymeric microspheres, the solids content and the Brookfield viscosity of the 
compositions are listed in Table 4. 

20 Table 4 



Example 


Polymeric 
Microspheres 

(example no.) 


Plasticizcr 


Plasticizer 
(parts by 
weight) 


Solids 

(%) 


Viscosity 

(cps) 


10 


2 


Igepal CO-730 


36 


38.9 


200 


11 


3 


Igepal CO-730 


60 


39.6 


83,000 


12 


4 


Igepal CO-730 


21 


38.5 


190 


13 


5 


Igepal CO-730 


74 


28.9 


17,000 


14 


6 


Igepal CO-730 


29 


29.1 


50 


15™ 


7 


Igepal CO-730 


36 


41.9 


27,000 


16 


1 


Igepal CO-850 


20 


39.4 


875 


17 


1 


polyethylene 
glycol) 


12 


37.7 


250 


18< ! > 


1 


Triton X-100 


24 


39.9 


810 


19 


1 


Triton X-100 


24 


39.9 


1025 



contains 0.6 parts by weight of phosphoric acid additive 



WO 97/13819 



JPCT/US96/16H63 



10 



- 15- 



Examples 10 
A the results are su 



18 were also tested for washability from various surfaces 
arized below. 

WasOnaMpfty 



Varnished Wood 
Smooth Plastic 



Glass 
Steel 



Difficult with water, good with soapy water. 
Difficult with water, fair with soapy water. 
Difficult with water, easy with soapy water. 
Difficult with water, hard with soapy water. 
Easy with water. 



EsanflaipBe US 



Varnished Wood 
Smooth Plastic 
Painted Steel 
Glass 



Difficult with water, good with soapy water. 
Difficult with water, feir with soapy water. 
Difficult with water, good with soapy water. 
Difficult with water, hard with soapy water. 
Easy with water. 



This example illustrates the pressure sensitive adhesive performance of 
coatings of pressure sensitive adhesive compositions of Examples 9-19 under 
various humidity conditions and after aging. 

pressure sensitive adhesive compositions of Examples 9-19 were coated 
onto primed cellulose acetate by knife coating at a dry coating weight of about 
0.50 gram per 155 square centimeters. The coated sample was tested for peel 
adhesion and holding power at 20% RH, 50% RH and 80% RH. The results and 
the respective coating weights are listed in Table 5. 



TaDpBe 



ISxnumpBs 


Coafcasag 

W@5gtoi 

(g/155c 

Bill 1 ) 


P 

2©% 
KM 


eel Adlaes 

$0% 
KM 


toons 

80% 

MI 


Hi 

20% 

MM 


jHsfiing Wm 
(minutes^ 
50% 
MH 


me 


9 


0.50 


26 


22 


19 


225 


17 


1.0 


10 


0.52 


15 


12 


10 


110 


17 


2.6 


11 


0.49 


9.6 


9.7 


5.6 


375 


79 


6.7 


12 


0.49 


11 


14 | 13 


127 


9 


0.6 


13 f 0.38 


1 18 


14 


8.9 | 128 


20 


1J 


14 


0.36 


9.1 


11 


9.2 


188 


29 


1.7 


IS 


0.37 


3.2 


8.7 


4.9 


25 


8 


0.3 


16 


0.53 | 


8.5 


20 


18 


309 


130 


3.7 


17 


0.48 I 


15 


18 


12 


1303 


>2000 


21 


18 


0.53 


22 


21 


12 


>2000 


296 


4.7 


19 


0.51 


11 


19 


17 


184 


609 


16 
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The coated pressure sensitive adhesive composition of Example 9 was 
retested for the peel adhesion and the holding power at 50% RH after having 
undergone accelerated aging at 49°C for one week and scored 22 N/dm and 88 
minutes, respectively. 

5 Example 21 

This example illustrates the repulpability of coatings of pressure sensitive 
adhesive compositions of Examples 9-19. 

pressure sensitive adhesive compositions of Examples 9-19 were coated to 
Caique paper in the manner described in Example 20. All the coated samples were 
10 found to have a satisfactory repulpability by the modified TAPPI test UM-213, as 
seen by the absence of unrepulped material in the handsheets. 

Example 22 

This example illustrates the peel adhesion of pressure sensitive adhesive 
compositions of this invention to various substrates, other than a steel panel used 
IS in Example 20, as compared to 8 10 Magic™ Tape (commercially available from 
3M Company). 

Coatings of pressure sensitive adhesive compositions of Examples 9, 10 
and 18, prepared in Example 20, and strips of 810 Magic™ Tape were tested for 
the peel adhesion to a glass plate, a polyester OR- 16 film (commercially available 
20 from 3M Company) and an acrylonitrile butadiene styrene plastic panel 

(commercially available from Sterling Plastic, Inc.). The test method used was the 
same as described above and the results are listed in Table 6. 



Table 6 



Example 


Peel Adhesion 

(N/dm) 


Glass 


Polyester OR-16 


Plastic Panel 


9 


12 


12 


22 


10 


13 


8.6 


17 


18 


17 


14 


25 


810 Magic™ Tape 


6.0 


9.3 


16 



25 Example 23 

This example investigates the occurrence of unwanted polymer migration 

of pressure sensitive adhesive coatings in application to papers. 
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Examples 24-28 

These examples illustrate the preparation of pressure sensitive adhesive 
compositions from a suspension of polymeric microspheres and various amounts 
of plasticizing agent and how the relative amounts of the same ingredients affect 
5 pressure sensitive adhesive performance. 

The procedure of preparation of the pressure sensitive adhesive 
compositions was analogous to the procedure outlined in Example 9 and the 
ingredients employed for each were 100 parts by dry weight of polymeric 
microspheres of Example 2 and various parts by weight of Igepal CO-730. The 
10 pressure sensitive adhesive compositions were coated in the manner described in 
Example 20 and tested for the peel adhesion, the holding power and the 
repulpability. The relative amounts of Igepal CO-730 used and the test results are 
listed in Table 7. 



Table 7 



Example 


Igepal CO-730 
(parts by 
weight) 


Peel Adhesion 

(N/dm) 


Holding Power 

(minutes) 


TAPPI TestUM- 
213 


24 


12 


18 


>2000 


marginal 


25 


20 


20 


265 


yes 


26 


28 


12 


76 


yes 


27 


36 


12 


17 


yes 


28 


44 


9.8 


9 


yes 



15 

Example 29 

This example illustrates the production of modified "caique" paper backing 
to the preferred specifications at Papeteries Canson & M ontgolfier (Annonay, 
France) starting by pulping spruce wood using an alkaline Kraft method. The bulk 

20 pulp was beaten for approximately eight (8) hours at 71°C and at a pH greater 

than 10. The pulp was then diluted to 5% consistency by weight and applied to a 
paper machine wire. 

Paper sheets were formed, as the wire web was allowed to slowly drain, 
thus allowing for fiber orientation. The paper coated wire web was further dried 

25 using forced air, infrared ovens until the paper coated web was dried sufficiently 
to support itself independent of the wire web. The paper web was then removed 
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from the wire web and applied to a felt web for further drying. The paper web 
was calendared. 

At this point, a release size coating was applied to the paper. The release 
sire coating composition was a pofyoloxane release agent, commercially available 
5 from Dow Corning. The release sizing agent consisted of a solution of 4 parts by 
weight of a polysiloxane (a 50% solids aqueous emulsion, under the tradename of 
Syl-Off 171 1), mixed with 0. 13 parts by weight of a tin catalyst (a 50% solids 
aqueous emulsion, under the tradename of Syl-Off 171 1 A) (both commercially 
available from Dow Corning) in 95.87 parts water. The solution was applied onto 

10 the caique paper by means of an air knife size press coater and cured. The sized 
paper was then remoisturized and dried in the normal manner on the size press to 
achieve a flat, stable paper backing. The paper was dried again and calendared to 
the desired basis weight and to a nominal caliper of 0.46 mm, with a moisture 
content of between 6 to 7.5 % by weight. The translucency of the finished paper 

1 5 is typically greater than 70% with a uniform appearance without speckling. The 
reflectance (gloss) of the preferred paper is between 6-12 (dimensionless), as 
measured by TAPPI T4880-OM92. The preferred paper has a color of L>8.5, a— 
2 to -0.6, b=2 to 5, as measured by TAPPI T254 and a surface smoothness of 
between 30-60 (dimensionless) as measured by TAPPI UM518. 

20 Example 30 

This example illustrates the composition of the repulpable rolls of tape that 
illustrate one particularly useful construction according to the present invention. 
Caique paper backing prepared according to the process described in Example 29 
was coated on the non-release coated side with the pressure sensitive adhesive 

25 coating prepared according to process described in Example 9 at a dry coat weight 
of about 0.50 gram/155 cm 2 . The adhesive coated web was dried by passing it 
through an oven at about 1 10°C for about 15 seconds. The adhesive coated web 
was then wound upon itself forming a jumbo roll with the pressure sensitive 
adhesive coating on the inside of the roll. The jumbo roll was subsequently slit 

30 into a number of smaller rolls having a nominal width of 1.9 cm. 
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Example 31 

This example illustrates the ease of removal of the tape of the present 
invention from various surfaces with water and/or soapy water. The repulpable 
tape prepared according to the description in Example 30. Tape material 
dispensed from the rolls of tape was found to have an ease of removal shown in 
Table 8. 

Table 8 

Surfaces WashabUity 

Painted board Hard with water, good with soapy water. 
Varnished wood Difficult with water, fair with soapy water. 
Smooth plastic Difficult with water, easy with soapy water. 
Painted steel Hard with water, good with soapy water. 
Glass Easy with water. 



Example 32 

10 This example illustrates the construction of an easy to wash away from 

fabric label stock that comprises one of the useful constructions of this invention. 
The label stock consisting of (1) a repulpable paper backing substrate, (2) a 
repulpable pressure sensitive adhesive layer as described in Example 9 was coated 
on one face of the backing substrate and laminated to (3) a release backing 

IS substrate as described in Example 29, on the same side. The label stock, normally 
after receiving a printed image, is applied to various dish substrates as stated in 
"Ease of Removal from Fabrics" test procedures. The results are summarized in 
Table 9. 

Table 9 



Surfaces 


WashabUity 


Stains 


Cotton sheet 


Clean 


None 


65/35 Black smock 


Clean 


None 


50/50 T-shirt 


Clean 


None 
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Example 33 

This example illustrates the construction of a easy to wash away dishes 
label stock that comprises one of the useful constructions of this invention. The 
label stock consisting of (1) a repulpable paper backing substrate, (2) a repulpable 
5 pressure sensitive adhesive layer as described in Example 9 was coated on one 
face of the backing substrate and laminated to (3) a release backing substrate as 
described in Example 29, on the same side. The label stock, normally after 
receiving a printed image, is applied to various dish substrates as stated in "Ease 
of Removal from Dishes" test procedures. The results are summarized in Table 
10 10. 

Table 10 



Surfaces 


Washability 


Stains 


Ceramic dish 


Clean 


None 


China cup 


Clean 


None 


Plastic dish 


Clean 


None 


TupperWare™ 
container 


Clean 


None 



The various modifications and alterations of this invention will be apparent 
to those skilled in the art without departing from the scope and spirit of this 
1 5 invention and this invention should not be restricted to that set forth for illustrative 
purposes only. 
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What is Claimed: 

* 

1 . A repulpable pressure sensitive adhesive comprising a mixture of a 
plurality of water-insoluble, water-dispersible polymeric microspheres and at least 
one water-soluble plasticizing agent, wherein the average diameter of the 
5 microspheres is below 50 micrometers. 



2. The repulpable pressure sensitive adhesive according to claim 1 
wherein the adhesive comprises a blended mixture of: 

(a) 1 00 parts by dry weight of carboxylated polymeric microspheres, 
10 formed by suspension polymerization from monomers consisting essentially of: 

(1) about 50-90 weight percent of at least one monomeric alkyl 
(meth)acryiate of alkyl alcohol having 4*14 carbon atoms and, 

(2) about 50-10 weight percent of vinyl carboxylic acid, 

(b) about 5- 1 50 parts by weight of at least one water-soluble 
1 5 plasticizing polyalkyleneoxy compound per 1 00 parts by dry weight of 

carboxylated polymeric microspheres, and, 

(c) optionally, 0.2-2.0 parts by weight of mineral acid per 100 parts by dry 
weight of carboxylated polymeric microspheres. 



20 3 . A repulpable tape construction comprising: 

(1) a backing substrate, 

(2) a layer of the repulpable pressure sensitive adhesive according to 
claim 1 coated onto one face of the backing substrate, and 

(3) a release layer composition coated onto the other face of the 
25 backing substrate. 

4. A repulpable sheet comprising a layer of backing substrate having a 
coating of the repulpable pressure sensitive adhesive according to claim 1 on a 
second end portion, while being free of adhesive along a first end portion. 

30 

5, A repulpable pad of sheets in a stack, each of the sheets 
comprising a layer of backing substrate, having opposite major side surfaces and 
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first and second opposite ends, and having a coating of the repulpable pressure 
sensitive adhesive according to claim 1 on a second end portion of one of the side 
surfaces adjacent the second end while being free of adhesive on both of the side 
surfaces along a first end portion thereof adjacent the first side, the sheets being 
5 releasable adhered to each other by the coatings of the pressure sensitive adhesive 
to form a stack with adjacent ends of the sheet aligned and with the first and 
second end of the successive sheets in the stack being adjacent. 

6. An adhesive coated sheet of labels comprising: 
10 (1) a label substrate; 

(2) a layer of repulpable pressure sensitive adhesive according to claim 
1 coated onto one face of the backing substrate, and 

(3) a release layer composition coated onto the other face of the 
backing substrate. 

15 

7, A repulpable tape construction comprising: 

(1) a repulpable backing substrate, wherein the repulpable backing 
substrate is a caique paper having a nominal caliper of 0.41-0.76 mm and moisture 
content of between 6-7.5% by weight, 
20 (2) a layer of the repulpable pressure sensitive adhesive according to 

claim 1 coated onto one face of the backing substrate, and 

(3) a release layer composition coated onto the other face of the 
backing substrate. 



25 8. The repulpable tape according to claim 7, wherein the caique paper 

has a translucency greater than 70%, with a uniform appearance without 
speckling. 

9. The repulpable tape construction according to claim 7 wherein the 
30 release layer composition comprises a solution of 0.5 to 30 parts by weight of a 
polysiloxane release agent (a 50% solids aqueous emulsion), mixed with 0.01 to 
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6.0 parts by weight of a tin catalyst (a 50% solids aqueous emulsion) in 64 to 98.5 
parts by weight of water. 

10. An adhesive tape comprising a layer of a repulpable adhesive 
5 according to claim 2 on at least a portion of a first side of a background substrate, 
and a second layer of repulpable adhesive on at least a portion of the second side 
of the backing substrate, the second side of the backing substrate being opposite 
the first side of the backing substrate. 



10 11. A transfer tape comprising a layer of repulpable adhesive according 

to claim 2 on at least a portion of a first side of a release liner. 
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